for any lake in the United States. Future improvements to the model will focus on improving 10 overall accuracy and use variables that are more sensitive to change over time. 
Introduction

12
In this brief research note, we extend a model for estimating a continuous multi-metric trophic 
Methods
21
We present the extended application of the developed POLR model using a Bayesian multilevel 22 model. Our modeling work flow is as follows: 23 1. Develop a random forest model, using R's randomForest package, with 5000 trees using 24 only GIS variables to identify the best predictor variables for nitrogen and phosphorus. 3. Assess the performance of the extended application model using a hold-out validation 30 method (90% training set, 10% evaluation set).
31
We link nitrogen and phosphorus in the POLR model to a separate nutrient model built 32 from universally available GIS data, thereby, avoiding the need for nitrogen and phosphorus 33 data, costly variables to measure for all lakes. The number of variables for each response variable, nitrogen or phosphorus, was decided using random forest model's variable selection plots(Hollister, Milstead, and Kreakie 2016).
36
Results and Discussion
37
Selected GIS variables for nitrogen and phosphorus were initially screened with variable 38 selection plots (Figures 1 and 2 informative prior distributions (uniform, or nearly so, to allow the information from the 55 likelihood to be interpreted as a probability).
56
The three selected variables, latitude, eco-region, and % evergreen forest, appear to be index, upon availability of multiple measurements for each lake.
75
Mathematically, the models were set up as follows:
where µ N itrogen ij = X N itrogen B, X N itrogen is the matrix of predictors, and B is the vector of 77 coefficients. N itrogen ij is the ith nitrogen observation in the jth ecoregion.
78
Phosphorus ij ∼ N (µ P hosphorus ij , σ
where µ P hosphorus ij = X P hosphorus Γ, X P hosphorus is the matrix of predictors, and Γ is the vector 79 of coefficients. P hosphorus ij is the ith phosphorus observation in the jth ecoregion.
80
The overall accuracy of the extended POLR model was 0.6 and the balanced accuracies were (Table 1) . Table 2 shows the confusion matrix for the extended POLR model.
83
11 Table 1 shows the coefficients for latitude and % evergreen.
89
We included these predictors as they were selected as important variables by the random 90 forest model. They may not help predictions dramatically but they do not hurt the results. 
